Introduction {#s1}
============

Fluorouracil and leucovorin combined with either oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) plus bevacizumab is widely used as first-line or second-line chemotherapy for metastatic colorectal cancer (mCRC).[@R1] In Japan, the treatment of mCRC typically involves chemotherapy using oxaliplatin-based regimens as first-line treatment, with irinotecan-based regimens frequently used afterwards.[@R2] The FIRIS study showed that oral S-1 and irinotecan was non-inferior to FOLFIRI, in terms of progression-free survival (PFS), as second-line treatment for mCRC.[@R5] Additionally, the TRICOLORE trial showed that S-1 and irinotecan plus bevacizumab was non-inferior to FOLFOX or capecitabine/oxaliplatin plus bevacizumab as first-line treatment.[@R6] In the ML18147 study,[@R7] continuous use of bevacizumab from first-line to second-line treatment was associated with prolonged overall survival (OS). Bevacizumab therefore represents a viable treatment option even for patients with mCRC and progression after bevacizumab-combined chemotherapy as first-line treatment. The treatment aims for mCRC are typically not curative but are instead focused on prolonging survival and improving quality of life (QOL). However, treatment regimens based on irinotecan are associated with severe toxicities, which can be detrimental to the treatment objectives.[@R8] It is therefore clear that treatment options that preserve QOL and improve prognosis while maintaining acceptable toxicity are required for this patient population.

Trifluridine/tipiracil consists of trifluridine and tipiracil hydrochloride at a molar ratio of 1:0.5. Trifluridine, an antineoplastic thymidine analogue, and tipiracil, a thymidine phosphorylase inhibitor that improves the bioavailability of trifluridine, are approved as an oral combination preparation for the treatment of mCRC in the USA, Europe, and Japan. The RECOURSE global phase III study demonstrated a significant improvement in OS with trifluridine/tipiracil compared with placebo in patients with refractory colorectal cancer (median OS, 7.1 vs 5.3 months; HR 0.68; 95% CI 0.58 to 0.81, p\<0.001).[@R9] More recently, the TERRA study demonstrated similar findings in an Asian population with mCRC (median OS, 7.8 vs 7.1 months; HR 0.79; 95% CI 0.62 to 0.99, p=0.035) as well as improved PFS (2.0 vs 1.8 months; HR 0.43; 95% CI 0.34 to 0.54, p\<0.001).[@R10] In both studies, the most frequent adverse event (AE) of grade 3 or higher was neutropenia, occurring in 38.0% and 20.3% of patients receiving trifluridine/tipiracil in the RECOURSE and TERRA studies, respectively.

In a xenograft model of human CRC, trifluridine/tipiracil in combination with bevacizumab demonstrated synergistic activity.[@R11] The C-TASK FORCE phase I/II study of trifluridine/tipiracil plus bevacizumab in patients with mCRC unresponsive to standard treatment demonstrated the potential of this regimen to extend PFS (5.6 months, 95% CI 3.4 to 7.6 by investigator assessment) and median survival time (MST; 11.4 months, 95% CI 7.6 to 13.9) with acceptable toxicity, although 68% of patients reported neutropenia as a treatment-emergent AE of grade 3 or worse.[@R12] However, the magnitude of the antitumour effect and severity of AEs for trifluridine/tipiracil plus bevacizumab as second-line treatment in patients with mCRC remain unclear.

Therefore, the purpose of this phase II/III TRiflUridine/tipiracil in Second-line sTudY (TRUSTY) is to demonstrate the non-inferiority in terms of OS of trifluridine/tipiracil plus bevacizumab compared with FOLFIRI plus bevacizumab or S-1 and irinotecan plus bevacizumab regimens as second-line treatment in patients with mCRC.

Discussion {#s2}
==========

Study design and treatment {#s2a}
--------------------------

This open-label, multicentre, randomised, comparative phase II/III study will assess the efficacy and safety of trifluridine/tipiracil plus bevacizumab versus fluoropyrimidine and irinotecan plus bevacizumab as second-line treatment in Japanese patients with mCRC ([figure 1](#F1){ref-type="fig"}). Patient enrolment commenced in October 2017 and is currently ongoing, and the estimated completion date of this trial is March 2022 (24 month enrolment period, with a 30-month follow-up period after the last patient is enrolled). Prior to enrolment, investigators select one of the following scheduled regimens for each patient assigned to the fluoropyrimidine and irinotecan plus bevacizumab (Group A) treatment arm: (1) FOLFIRI plus bevacizumab therapy (bevacizumab 5 mg/kg, irinotecan 150 mg/m^2^, and L-leucovorin 200 mg/m^2^ by intravenous infusion followed by bolus injection of fluorouracil (5-FU) 400 mg/m^2^, all on day 1, followed by a 46 hours infusion of 5-FU 2400 mg/m^2^ in a 14-day cycle); (2) S-1 and irinotecan plus bevacizumab therapy with a 3-week cycle (bevacizumab 7.5 mg/kg and irinotecan 150 mg/m^2^ by intravenous infusion on Day 1 and oral administration of S-1 40 mg/m^2^ twice daily from day 1 to day 14 in a 21-day cycle) or (3) S-1 and irinotecan plus bevacizumab therapy with a 4-week cycle (bevacizumab 5 mg/kg and irinotecan 100 mg/m^2^ by intravenous infusion on days 1 and 15, and oral administration of S-1 40 mg/m^2^ twice daily from day 1 to day 14 in a 28-day cycle). Eligible patients are subsequently randomised at a ratio of 1:1 to either Group A or to the trifluridine/tipiracil plus bevacizumab (Group B) treatment arm (bevacizumab 5 mg/kg by intravenous infusion on days 1 and 15, plus oral administration of trifluridine/tipiracil 35 mg/m^2^ twice daily on days 1--5 and 8--12 in a 28-day cycle). For all regimens, administration of chemotherapy is repeated until any study discontinuation criterion is met. For randomisation, a minimisation method is used after patient stratification according to *RAS* status (wild type vs mutant). The primary lesion (left sided vs right sided) and, for patients with wild-type *RAS* status, first-line treatment with a molecular-targeted drug (bevacizumab vs antiepidermal growth factor receptor antibody) are used as stratification factors. The phase II part of the study will analyse safety and efficacy data in the first 50 patients in Group B who become evaluable for tumour response based on the Response Evaluation Criteria in Solid Tumours (RECIST) criteria. These data will be assessed by an independent data monitoring committee who will establish the criteria for the progression of patients to phase III.

![Study design. Bmab, bevacizumab; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; mCRC, metastatic colorectal cancer; q(x)w, once every (x) weeks.](esmoopen-2018-000411f01){#F1}

This study is being conducted in accordance with the guidelines for Good Clinical Practice of the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use, as well as the ethical guidelines for medical and health research involving human subjects. Patients will provide written informed consent prior to participation. This study is registered with the Japan Pharmaceutical Information Center (registration number JapicCTI-173618).

Patients {#s2b}
--------

Patients with confirmed, unresectable, advanced or recurrent colorectal adenocarcinoma and known *RAS* gene mutation status by a validated testing method, who have failed first-line oxaliplatin-based chemotherapy, are eligible for inclusion. Additional eligibility criteria are listed in [box 1](#B1){ref-type="boxed-text"}. Discontinuation criteria include progressive disease based on RECIST, clinical progression, patient decision or ineligibility or investigator judgement based on AEs or other reason.Box 1TRiflUridine/tipiracil in Second-line sTudY key inclusion and exclusion criteria**Inclusion criteria**Metastatic colorectal adenocarcinoma (excluding appendix cancer and anal canal cancer) regardless of *RAS* mutational status.In regard to the first-line chemotherapy with fluoropyrimidine (fluorouracil (5-FU)/L-leucovorin (LV), capecitabine or S-1) plus oxaliplatin combined with bevacizumab or antiepidermal growth factor receptor (EGFR) antibody (cetuximab or panitumumab):Patients who have received at least the following treatment as the first-line chemotherapy:At least two doses of 5-FU/L-LV or 15 day or longer treatment with oral fluoropyrimidine (S-1, capecitabine).At least 1 dose of oxaliplatin.At least 2 doses of bevacizumab or anti-EGFR antibody.Patients in whom progression has been detected in less than 90 days of the first-line chemotherapy start day are excluded.Progression has been detected on imaging in less than 90 days after the first-line chemotherapy.Age ≥20 years at the time of enrolment.Eastern Cooperative Oncology Group performance status 0 or 1.Oral medication can be administered.Patients with evaluable lesions by imaging within 28 days before enrolment.Adequate organ function tested within 7 days before enrolment:Neutrophil count: ≥1.5 10^9^/L.Platelet count: ≥100 10^9^/L.Haemoglobin: ≥9.0 g/dL.Total bilirubin: ≤1.5 mg/dL.Aspartate aminotransferase: ≤100 IU/L (≤150 IU/L if liver metastasis present).Alanine aminotransferase: ≤100 IU/L (≤150 IU/L if liver metastasis present).Urine protein: ≤1+.Serum creatinine: ≤1.2 mg/dL.Written informed consent provided.**Exclusion criteria**Patients with serious comorbidities or a history (not limited to the following):A history of serious hypersensitivity to the study drug.Active multiple malignancies with less than 5 years disease free.Brain or leptomeningeal metastasis.Infections requiring systemic therapy (eg, a fever of ≥38°C).Intestinal obstruction, intestinal paralysis, renal failure or liver failure.Comorbid or a history of thromboembolism (history of thromboembolism of ≤Grade 2 are eligible), cerebral infarction (asymptomatic lacunar infarction is eligible), pulmonary infarction and interstitial pneumonia (including pulmonary fibrosis).Poorly controlled diabetes mellitus.Poorly controlled hypertension.Haemoptysis (expectoration of ≥2.5 mL of fresh blood).Congenital haemorrhagic diathesis or coagulation system abnormalities.Gastrointestinal ulcer or bleeding.History of gastrointestinal perforation within 180 days before enrolment (patients with gastrointestinal perforation caused by obstructive colorectal cancer are eligible.).History of myocardial infarction, severe or unstable angina pectoris or symptomatic congestive heart failure within 180 days before enrolment (New York Health Association class III or IV (Appendix 3)).Diarrhoea of ≥Grade 2.Positive for any of HIV antibody, hepatitis B surface antigen and hepatitis C virus antibody.Psychiatric disorders that are judged to make participation in this study difficult.Patients who have received any of the following treatments or interventions before enrolment in this study:Anticancer therapy within 14 days before enrolment.Interventions, such as blood transfusion, administration of blood components, plasma derivatives, granulocyte-colony stimulating factor products, within 14 days before enrolment.Extensive surgery within 28 days before enrolment.Drainage of ascites or pleural effusions by abdominocentesis or thoracentesis within 28 days before enrolment.Extended-field radiotherapy within 28 days before enrolment or limited-field radiotherapy within 14 days before enrolment.Treatment with irinotecan or trifluridine/tipiracil.Current treatment with flucytosine or atazanavir sulfate.Current treatment with anticoagulants.Continuous systemic treatment with steroids or other immunosuppressants.Women who are pregnant, breast feeding, tested positive for pregnancy or do not want to use contraception or men who wish to have children.Patients determined as ineligible for participating in this study by the investigator or subinvestigator.

Endpoints and assessments {#s2c}
-------------------------

The primary endpoint of the phase II study is disease control rate (DCR) with trifluridine/tipiracil plus bevacizumab therapy. The secondary endpoints are response rate (RR) and safety with trifluridine/tipiracil plus bevacizumab therapy. In the phase III study, the primary endpoint is OS, and secondary endpoints include QOL, PFS, RR, DCR, safety, time to treatment failure, time to post-study treatment failure (defined as the period from the date of enrolment to the date of discontinuation of post-study treatment) and proportion of patients receiving post-study treatment. Efficacy is evaluated according to RECIST V.1.1. AEs are graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events V.4.03. QOL is assessed according to the The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C-30[@R13] and EuroQol5D--5L[@R14] questionnaires.

Statistical analysis {#s2d}
--------------------

Based on previous studies[@R5] and improved treatment options for patients with mCRC, the MST is assumed to be 19 months for both groups. The lower point estimate of MST with Group B therapy is considered acceptable for maintaining QOL, and the acceptable non-inferiority margin for the HR is specified as 1.33 based on the value for Group A therapy. Consequently, with a one-sided significance level of 2.5% and a power of 80%, and with a 24-month enrolment period and a 30-month follow-up period after last patient enrolment, a sample size of at least 499 patients was deemed necessary. Assuming a discontinuation rate of approximately 5%, the target number of patients was set at 524. If non-inferiority with a margin of 1.33 (as HR) is demonstrated, superiority and the non-inferiority hypothesis with a margin of 1.25 (as HR) will be evaluated.

Primary analysis in the phase III study will be performed in the full-analysis set, defined as all randomised patients except those with serious protocol violations or who have withdrawn consent to participate. The safety analysis set will comprise all patients in the full analysis set who receive at least one dose of study drug in their assigned treatment group. The Kaplan-Meier method will be used to describe OS, with Cox proportional hazard modelling used to calculate HRs and two-sided 95% CIs.

Conclusion {#s3}
==========

TRUSTY is the first phase II/III study to evaluate the efficacy and safety of trifluridine/tipiracil in combination with bevacizumab compared with irinotecan-based chemotherapy as second-line treatment in patients with mCRC. This study, to be conducted at 63 study sites in Japan, commenced in October 2017 and is expected to complete in March 2022. We anticipate that the findings will contribute to establishing the safety and efficacy of the study treatment in this patient population.
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